It has been shown that HLA class I molecules play a significant role in the regulation of the proliferation of T cells activated by mitogens and antigens. We evaluated the ability of mAb to a framework determinant of HLA class I molecules to regulate T cell proliferation and interferon gamma (IFN-γ) production against leishmania, PPD, C. albicans and tetanus toxoid antigens in patients with tegumentary leishmaniasis and healthy subjects. The anti-major histocompatibility complex (MHC) mAb (W6/32) suppressed lymphocyte proliferation by 90% in cultures stimulated with αCD3, but the suppression was variable in cultures stimulated with leishmania antigen. This suppression ranged from 30-67% and was observed only in 5 of 11 patients. IFN-γ production against leishmania antigen was also suppressed by anti-HLA class I mAb. In 3 patients IFN-γ levels were suppressed by more than 60%, while in the other 2 cultures IFN-γ levels were 36 and 10% lower than controls. The suppression by HLA class I mAb to the proliferative response in leishmaniasis patients and in healthy controls varied with the antigens and the patients or donors tested. To determine whether the suppression is directed at antigen presenting cells (APCs) or at the responding T cells, experiments with antigen-primed non-adherent cells, separately incubated with W6/32, were performed. Suppression of proliferation was only observed when the W6/32 mAb was added in the presence of T cells. These data provide evidence that a mAb directed at HLA class I framework determinants can suppress proliferation and cytokine secretion in response to several antigens. 
Introduction
T cell activation and proliferation in response to antigens is initiated by interactions between T cells and accessory cells which process and present antigens in association with membrane-bound histocompatibility antigen (HLA) molecules. The primary role of HLA class I molecules in T cell activation is the presentation of cytosolic antigens such as viral antigens to CD8+ T cells. More recently it has been shown that distinct determinants of HLA class I molecules may be associated with regulation of T cell responses to alloantigens, lectins and anti-CD3 (1, 2) . Little is known, however, about the participation of distinct determinants of HLA class I molecules in the regulation of antigenspecific T cell proliferation and cytokine production.
Taking advantage of our previous experience in the analysis of T cell responses in leishmaniasis (3, 4) and since CD8+ T cells are expanded in vitro after stimulation with leishmania antigen (5), we evaluated the ability of a mAb to a framework determinant of HLA class I molecules to regulate T cell proliferation and IFN-γ production in response to leishmania, PPD, C. albicans and tetanus toxoid (TT) antigens in patients with tegumentary leishmaniasis and in healthy subjects. Additionally, it was observed that anti-major histocompatibility complex (MHC) class I antibodies modulate the immune response by T cells.
Material and Methods

Subjects
Eleven patients with tegumentary leishmaniasis (cutaneous or mucocutaneous leishmaniasis) were studied. The diagnosis was based on clinical manifestation of the disease and confirmed by histology and at least one of three tests: intradermal skin test to leishmania antigen, serological test and parasite isolation.
Patients had active disease, and significant lymphocyte proliferative responses to leishmania, PPD, C. albicans and TT antigens. Six healthy subjects previously known to have reactive T cells to PPD, C. albicans and TT antigens were also studied.
Mononuclear cell separation and proliferation assay
Peripheral blood mononuclear cells (PBMC) were isolated from heparinized blood by density gradient centrifugation using lymphocyte separation medium (Bionetics Laboratory Products, Kensington, MD, USA). After separation, the PBMC were collected from the interface and washed twice in sterile saline (0.9% NaCl).
The blastogenesis assay was performed as previously described (3) . Briefly, PBMC were adjusted to a concentration of 10 6 cells/ml in RPMI 1640 (Gibco, Grand Island, NY, USA) supplemented with 15% AB + heat-inactivated serum, and aliquots of 2 x 10 5 cells were then cultivated in triplicate on tissue microculture plates (Limbro Chemical Company, New Haven, CT, USA). The cells were stimulated separately with 10 µg/ml of leishmania antigen, 1 µg/ml of PPD (Connaught Laboratories, Ontario, Canada), 5 LF/ml of TT antigen (Wyeth-Ayerst Lab., Marietta, PA, USA), 25 µg/ml of C. albicans antigen, and 25 ng/ml of mAb αCD3. After 3 and 5 days of incubation (37 o C, 5% CO 2 ), 1 µCi of [ 3 H]-thymidine (6.7 Ci/mmol; New England Nuclear, Boston, MA, USA) was added to the cultures for 5 h. The cultures were then harvested and processed, and [ 3 H]-thymidine incorporation was measured with a scintillation counter.
The results are reported as the means of the cpm of triplicate cultures ± SEM and as percent suppression. Statistical analysis was performed by the Wilcoxon signed rank test.
Monoclonal antibodies
The mAb W6/32 (IgG2a) directed at a framework determinant of HLA class I molecules was used at a concentration of 25 µg/ ml. This antibody recognizes a framework epitope expressed on virtually all HLA class I molecules which has been conserved throughout evolution since it is expressed in a large number of primates (6) . The mAb L2.43 directed at a monomorphic determinant of HLA class II molecules was utilized also at a concentration of 25 µg/ml. This antibody was obtained from the American Tissue Culture Collection and is an anti-HLA-DR. It was purified from ascitic fluid by the caprylic acid precipitation method (7).
Production and determination of IFN-g in vitro
IFN-γ levels were determined in supernatants of stimulated cell cultures. Briefly, PBMC (3 x 10 6 ) were stimulated with leishmania antigen at a concentration of 20 µg/ml in the presence or absence of the anti-HLA class I mAb W6/32 at a concentration of 25 µg/ml. After 3 days of incubation at 37 o C and 5% CO 2 , the supernatants were collected and the levels of IFN-γ were determined by ELISA using a sandwich technique. The results are reported as pg/ml.
Evaluation of the addition of mAb W6/32 to pulsed macrophages in terms of the inhibition of T cell proliferation
For these experiments, PBMC were adjusted to a concentration of 10 6 /ml RMPI 1640 medium supplemented with 10% AB heat-inactivated sera, and aliquots of 0.2 ml were added to microtiter plate wells and incubated for 2 h at 37 o C. Non-adherent cells were then removed, and adherent cells were incubated with antigen (25 µg/ml) for about 2 h. The antigen was then washed and the W6/32 mAb (25 µg/ml) was added. After 2 h, the wells were gently washed and the non-adherent cells were added. Alternatively, adherent cells were first incubated with the antigen for 2 h and washed and non-adherent cells and W6/32 mAb were then added simultaneously.
Cultures of adherent and non-adherent cells plus antigen in the absence of the inhibiting mAb were used as positive control. The blastogenesis assay was performed as previously described.
Results
The effect of mAb to MHC I and II molecules on the lymphocyte proliferative response to leishmania antigen in patients with tegumentary leishmaniasis is shown in Figure 1 . Although the magnitude of the leishmania-specific response varied, a significant response was observed in all the individuals tested. In six patients (MS, MP, AO, CO, AC and CS) addition of a mAb to MHC class I molecules had no significant effect on the lymphocyte proliferative response. In the remaining five patients the anti-MHC I mAb W6/32 suppressed the response to leishmania antigen by 42 to 67% (P<0.01) (Figure 1 ). The suppression was greater in patients with a relatively low response to leishmania antigen. In contrast, the anti-HLA class II mAb L2.43 had a more homogeneous inhibitory effect on lymphocyte proliferation, suppressing the response by 43% or more in all patients studied (P<0.01) (Figure 1 ). In contrast to the variability of the suppression of leishmania responses, the mAb W6/32 consistently suppressed (≥95%) T cell proliferation to stimulation induced by αCD3. Mean [ 3 H]-thymidine uptake in αCD3-stimulated cultures in the absence and presence of the mAb W6/32 was 70366 ± 11599 and 3428 ± 1988, respectively. In addition to lymphocyte proliferation, IFN-γ production in response to leishmania antigen was also suppressed by the anti-HLA class I mAb (Figure 2 ). The suppression was variable: in three patients IFN-γ levels were suppressed by more than 60%, while in the other two IFN-γ levels were only 26 and 10% lower than those observed in cultures stimulated with antigen alone.
The ability of the anti-HLA class I mAb to suppress the proliferative response to PPD, C. albicans and TT antigens in tegumentary leishmaniasis patients (Table 1 ) and in healthy subjects was also examined. The magnitude of the suppression observed was not dependent on the antigen or on the patients. For instance, as shown in Table 1 , the reduction of the response to PPD varied, ranging from 64% (patient SL) to 6% (patient JS). Similarly, a decrease in the responses from the same donor stimulated with different antigens was quite variable. Thus, in patient SL, mAb W6/32 reduced the proliferative response to TT only by 25%, but the same antibody suppressed the response to PPD by 64%.
The effect of W6/32 on the lymphoproliferative response of six healthy subjects to PPD, C. albicans and TT was also tested. In these experiments, the magnitude of the suppression mediated by the HLA I mAb varied with the antigens and donors tested. The suppression of the response to PPD, C. albicans and TT in donor AJ was 88, 62 and 57%, respectively. However, in cultures from donor DP stimulated with the same antigens, mAb W6/32 reduced the response by 22, 20 and 8%, respectively. There was also a variability in the magnitude of the suppression of the responses to different antigens within the same individual. In donor EC, the response to C. albicans was reduced by 60% while the response to TT was inhibited by 6%. Similarly to the results obtained for tegumentary leishmaniasis patients, the suppression mediated by W6/32 in healthy donors was somehow related to the degree of the response to the antigen tested.
In order to assess whether the inhibitory effect of the anti-HLA I mAb is primarily directed at antigen presenting cells (APCs) or at the responding T cells, experiments with antigen-primed non-adherent cells, separately incubated with W6/32, were performed. As shown in Table 2 , when APCs were first pulsed with leishmania antigens in the presence of mAb W6/32, no inhibitory effect was observed. In contrast, when mAb W6/32 was added after the addition of lymphocytes to the cultures, suppression of proliferation was observed. Similarly, in PBMC from healthy control subjects stimulated with C. albicans antigen, the suppression mediated by mAb W6/32 was observed only when the mAb was added to cultures of Ag-pulsed APCs and T cells. In contrast, anti-HLA class II mAbs suppressed the lymphoproliferative response in both conditions, when added first to Ag-pulsed APCs alone or to Ag-pulsed APCs and T cells.
Discussion
The ability of monoclonal antibody to HLA determinants to suppress lymphocyte proliferation induced by αCD3 (6), by the mitogen phytohemagglutinin (PHA) (8) and by autologous cells (1) has been previously demonstrated. Soluble antigens are presented in the context of HLA class II molecules and, as expected, monoclonal antibodies against HLA class II suppress lymphocyte proliferation mediated by such antigens. The present study provides evidence that a mAb directed at an HLA class I framework determinant is capable of suppressing lymphocyte proliferation and cytokine secretion in response to several soluble antigens. These observations were first documented in the present study in patients with tegumentary leishmaniasis and later in lymphocyte cultures from healthy subjects stimulated with PPD, TT and C. albicans. In patients with tegumentary leishmaniasis, the suppression of antigen-specific lymphoproliferative T cell responses mediated by an anti-HLA class I mAb was variable and demonstrable in only half of the patients tested. Individual variation in the magnitude of the inhibition of the proliferative response has been observed by others when PHA-P was used as a stimulus (9) . The same variability in the extent of suppression was observed when PBMC from these patients and from healthy donors were stimulated with PPD, C. albicans and TT.
Anti-HLA class I mAb may have costimulatory or down-regulatory effects on T cell proliferative responses induced through distinct activation pathways. Thus, while mAbs to distinct monomorphic determinants of HLA class I molecules have been shown to enhance CD2-induced T cell proliferation in 30% of the PBMC populations tested (10), the same mAbs exert inhibitory regulation on anti-CD3-(6) or mitogen- (8) induced T cell proliferation. This indicates that the same HLA class I determinants play a differential regulatory role in T cell activation induced via different pathways. Furthermore, it has been shown that both inhibition and activation can be regulated by the degree of aggregation of membrane-bound HLA class I molecules. Thus, while crosslinking of mAb specific for polymorphic HLA-A and HLA-B, or monomorphic determinants increases their inhibition of PHA-induced proliferation, aggregation of HLA class I molecules enhances proliferation of PBMC in the presence of sub-mitogenic doses of polymorphonuclear antigens (PMA) (11) . Therefore, it is possible that the degree of HLA class I aggregation and the use of different T cell activation pathways may account for the observed individual variation in the suppression mediated by anti-HLA class I mAbs.
In experiments carried out to determine the target cell population for the suppression mediated by anti-HLA class I mAb, inhibition of proliferative response was only demonstrated when the mAb was added in the presence of lymphocytes. The possibility that anti-HLA I mAb is present in oversaturating concentrations throughout the culture period so that suppression can be observed is unlikely, since mAb W6/32 has relatively high affinity and a slow dissociation rate (6) . This may reflect the direct interaction of anti-HLA class I mAb with T cells (10) . Although Fc receptors expressed by monocytes play an important role in the regulation of T cell responses to anti-CD3 antibodies (12) (13) (14) , inhibition of T cell proliferation by anti-HLA class I mAb does not require Fcreceptor crosslinking (8) . Similarly, the suppression of PHA-P-induced T cell proliferation mediated by mAb to HLA class I is monocyte independent (9). In contrast, when anti-HLA class II mAbs were used, suppression was predominantly observed when antibodies were incubated with non-adherent cells. The inhibition may be mediated by blockage of transcriptional activation of genes leading to IL-2 and IL-2R gene expression, and at least in part, by down-regulation of IFN-γ production.
Recently, we have identified a novel regulatory CD8+ T cell subset which lacks the expression of CD28 molecules, secretes IL-10 and is expanded with aging (15) . Interestingly, this CD8+ T cell subset expresses NK inhibitor receptors (KIR) which are specific for polymorphic HLA I determinants that mediate inactivation of NK (16, 17) and T cells (18) . Thus, in our leishmaniasis patients, blockade of HLA I by mAbs may prevent inactivation of KIR+ regulatory T or NK cells. These cells, in turn, will produce IL-10, a cytokine involved in immunosuppression in leishmaniasis (19) . Alternatively, it has been shown that enhancement of responses of KIR+T cells occurs by way of NK receptor co-stimulation. In this case, blocking HLA-I molecules will prevent the costimulatory enhancement. Whether KIR+ regulatory T cell subsets are present in leish-maniasis patients remains to be determined.
In the present study we have shown that MHC class I was able to suppress lymphocyte proliferation and IFN-γ production. The effect of MHC mAb was similar in three cases but in two cases there was a marked difference in the extent of suppression of these two functions. These differences can be explained by the fact that these functions are not necessarily performed by the same cell (20) .
